Approved For Release 2009/01/23 : CIA-RDP80T00246A006100090002-3

0‘0
<

Next 1 Page(s) In Document Denied

Q”&

Approved For Release 2009/01/23 : CIA-RDP80T00246A006100090002-3



Approved. For Release 2009/01/23 : CIA-RDP80T00246A006100090002-3

ﬁ (OJ(/// 7 S\C/u/‘.\_.\

AOKA A A BI

AKAAEMUM HAVK CCCP

| %wm}%
1958

Tom 121, Ne 4

—

Approved For Release 2009/01/23 : CIA-RDP80T00246A006100090002-3



Approved For Release 2009/01/23 : CIA-RDP80T00246A006100090002-3

Hoxmans Axapgemun mayrk GCCP
1958. Tom 121, Ne 4

DHU3HKA

B. M. $PUAKHH
TEOPHUSI OBPA30BAHMSI

CKPBITOIO0 3JIEKTPO®OTOIPAGHUYECKOTO M30BPAKEHHUS -
"M 3AKOH B3AMMO3AMECTHUMOCTH :

(I1pedcmasaeno axademuxom A. B. Lly6ruxoseim 25 III 1958)

Kuneruka mnpoueccoB oGpa3oBaHisi (IOTO3JIEKTPETHOIO COCTOSIHHS B MOHO-
KPUCTAMJIAX H JIENOJsSIPU3alMH (OTO3JIEKTPETOB NMPH OCBEIIEHHH MOXKET 'GHITh
HCC/IeJIOBaHa HA OCHOBE NPEJCTaBJIeHUH 30HHOH TeopuH Kpucramios (1). B ceoro
‘ouepe/lb, VKasaHHbIE POLECCH JiekaT B OCHOBe azieKTpodororpaduu Ha doro-
saexktperax (%,%) u ¢ UX yueToM MOKeT GbiTh NOCTPOEHA 06WIasi TeOPHst 0GPA30BA-
HHSL CKPHITOTO 3J1eKTPOdoTOrpacduueckoro n3obpakeHus, pacrpocTpPaHsIomascs
¥ Ha TakHe MPOLECCH, KaK KJacCHUecKasl Kceporpadusi H KJaIacCHYecKas 3JeK-
TpodoTorpadus. B ocHOBe Taxoro ncciefloBaHus JIEKHUT PelleHne CHCTeMbl JHb-
depeHIMaIbHBIX YDABHEHHH, OMUCHIBAIOMIMX 3JE€KTPOHHbIE Mepexoisl B 30HHOM
MOJIe/H, COOTBETCTBYIOIIEH CXeMe SHEPTeTHYECKHX YPOBHEHl 3JIEKTPOHOB OMpe-
JeJIeHHOTO KpHUCTaljia. B ocHOBY Hallero pacuera NO/OXKeHa CXeMa SHepreTH-
UYECKHX YPOBHEH 3JIeKTPOHOB B MOHOKPHCTa/JE cephl, npeajoxenHas I1. C.
Taprakoeckum n I'. Pekasnopoit (%). -

Ilycte di— uHCO 3/1€KTPOHOB, NMEPEXOASMMX NOJ ASHCTBHEM CBeTa B elH-
Hule o6bemMa ¥ 3a eMHHIlYy BPEMEeHH H3 HODMaJIbHOH 30HH! B 30HY NPOBOJHMOCTH
kN — uyucsio 37€KTPOHOB, MePeXOAAIUX NOJ AeHCTBHEM CBeTa B 30HY NPOBO-
JAMMOCTH C 3allOJIHEHHBIX YpOBHeH NpHAMNAaHHdA, npuueM d;= S;E n bk = sE.
3neck E — UHTEHCHBHOCTb CBeTa (OCBEIEHHOCTB); S; M Se— KOS(H(DULHUEHTHI,
34ABHCSALIHE OT IOIVIOUWIEHHS] CBE€TA H- KBAHTOBOTO BHIXOJA. :

KuneTnyeckue ypaBHeHHS, ONMHCHIBAIONIHE NPOLECC 3alOJHEHHS YDOBHeil
TIDHJIMTIAHKS JIEKTPOHAMH U COOTBETCTBYIOLIHE cXeMe, PHUBEACHHOM Ha puc. 1,
HUMEIOT CeAYIOIUA BUA:

dnjdt = d, + kN — anP —B (M — N) n; (H
dN/dt = — kN + B(M —N)n+ Q; (2)
dP/dt = dy + Q — anP; (3)
P=N +n, ' (4)

rae M — xonueHTpalusi yposHeil npuaunanusi; N — KOHUEHTpaLMsl 3JeKTPO-
HOB Ha YPOBHSIX NPH/IMIIAHKSI, n—KOHIEHTPAIHs 3JIeKTPOHOB. B 30HE IDPOBOJK-
MOCTH; P — KOHLleHTpauusi JABIPOK B HOPMa/bHOH 30He; Q — uMCiO 3JeK-
TPOHOB, MNEPEXOUSLUHX B eIMHULE o0heMa M 33 €IWHHUILY BPEMeHH [0 JAeHCT-
BHEM TEIJIOBOTO IBHIKEHMS - U3 IIOPDMaJbHON 30HLI HA YDOBHH INPUJIHIAHMS;
o U B — KO3(pODUIHEHTH DEeKOMOHHAIMH, CMBICJ KOTOPBIX IIOHSITEH H3 CXeMbl,

npejicTaBJgeHHOR Ha pHc. |. ' : Co
3anaua cBOAMTCA K ONpPEENeHUI0 3aBUCUMOCTH N OT BpeMeHH, TaK KaK KOH-
UEHTPALMIO 3JEKTPOHOB Ha yPOBHSX NDHJIHIAHUSA C/IELYET CUHTATh NPONOPUHO-
‘HanbHOU 3apsly (oTossiekTpera. [1pu sTOM He NpUHHMaeTCs BO BHUMAaHHE OpHEH-
THpYIOLLee JefCTBUE MOJNSPH3YIOWETO MOJIs. ,
Cucrema ypasuenuit (1), (2), (3) B npennonoxenun d;= Q = 0 Gbuia noa-
pobHo usyuena 3. M. AMpoBuueM NpuMeHHUTeNBHO K 3aJdaye HCCIe0BAHUSA DJle-
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MEHTapHOTO 3aKOHA 3aTyXaHHS JIOMMHECUEHLHH HJeallbHbiX KpHcTajiodoco-
pos (®). Ilpu sToM BenMuuHAa P HMeJa HEMOCPEJCTBEHHBIH (PH3HUCCKHUI CMbICT
3aKJI04eHHOH B KpHcTajiodochope CBETOCYMMBl, 8 HHTEHCHBHOCTb JIIOMHHeEC-
leHTHOTO TOCJecBeueHns Oblia NponopuxoHaibHa dP/dt.

. 3. Y. AnuposuueM 6blIO, B UAaCTHOCTH, NPEJJOKEHO PElIeHHe CUCTEMbl YpaB-
menuit (1), (2), (3) B npennonoxennd dy=Q=0 B KpasUCTAI[MOHAPHOM MpH-
GJIMKEHH, KOTOPOe Olipelledsinoch yeoBusiMu n<& N u dn/dt<<dN/dt.

B Toit ke pabore (°) 6bLIO NOKa3aHO, YTO JJIs KBA3HCTAIIMOHAPHOTO PEIleHH st

orHoweHuE 3QPEeKTHBHBIX CeueHuit 3axBaTay = B/« ABJACTCA €QMHCTBEHHBIM Ma-
pamMeTpoM, ONpeNesIFIONIHM BHJ dJeMeH-
Jona /7/70(700(/#05/7711 n 3/76’/"/77,00/‘/0# TapHOTO 3aKOHA 3aTyXaHHA.
LU LI L L L1 MOXKHO MOKA3aTh, UTO KBASHCTALHO-
: HapHOe pelleHHe CHCTEMBl YpaBHeHH
anf prH-nj, (1), @), @G)(rnk€ N, dnjdt K dN/dt)
g, oy YAOBJIETBOPHTE/IBHO OMHCHIBACT KHHETH-
N KY 00pa30BaHUst (OTOIIEKTPETHOTO CO- -
N © CTOSIHHSI B MOHOKDHCTa/Je U MOXKeT
W Ta ObITH TOJIOKEHO B OCHOBY TeOpHH obpa-
I AT TTTTTTTITIIIIINIIIINIIT  30Bapmsi CKPBITOTO 3JeKTpodoTorpabu-
Hopmanenan sona P deipok . uecKoro usobpaxenusi. Huxe 6yaer no-
Puc. 1. E)Hep(remlxecx‘aﬂ 30HHAS AHarpaMma Ka3aHo,uTO HEOGXOIMMBIM H IOCTATONHEIM
ZNs MOHOKpHCTAANA Cepbl YC/I0BHEM CNPABEJUIHBOCTH KBA3HCTAIHO -
HAPHOTO peLIeHHs] CHUCTEMBl YpaBHEHHIE
(1), (2), (3) siBnsieTcs1 BLINOJIHEHHE 3aKOHA B3aMM0O3aMEeCTHMOCTH, KOTOPHIH MpH-
MEHUTENBHO K 3JeKkTpodororpaduueckoMy mnpoleccy npuobGperaer HeNocpea-
CTBEHHBIH (pusnueckuil cMbici.. Bornpoc o6 aHanornu MeXay TEMHOBOH RerNofs-
pusanueil (OTOJIEKTPeTa, ONnpele/sionleli perpeccuio CKphITOro JeKTpohoTo-
rpadu4eckoro U3006payKeHHs, U JIOMHHECLUEHTHbIM IOC/IeCBEUEHHEM KPHCTaJiJo-
(ocdopos B Hacrosiell pabore He paccMaTpHBAeTCS.

3aKoH B3aHMO3aMeCTHMOCTH IJisi npolecca o6pa3oBaHusi (POTOIEKTPETHOTG:
COCTOSIHHSI B MOHOKPHCTaJIJIaX MOXKeT GbiTh cHopMysMpOBaH CJAERYIOUHIMM o0pa-
30M. BesnnunHa nossipusanMM WM BeIMYHHA NMOBEPXHOCTHOH IJIOTHOCTH 3aps-
L0B (DOTO3JIEKTPEeTA,. NPONOPIHOHA/NLHAS TJIOTHOCTH 3J1EKTPOHOB Ha YPOBHAX
npu/unadus N, 3aBUCHT TOJIBKO OT IIpou3BejieHdst £f WHTeHCHMBHOCTH cBeTa E,
HCIOJIb3YEMOTO TIPH NOJsipu3alii, Ha BpeMs nonasipusauuu f. Kak Gyner nmoka-
3aHO HH)KE, 3aKOHY B3aMMO3aMECTHMOCTH, IOATBEPKIAIOUIEMYCH SKCHEPUMEH-
TaJbHO, MOXKeT GhITE JaHa HarvsiAHast PU3HuecKast HHTepIpeTalus.

IlycTs BRIMOJIHEH 3aKOH B3aHMo3aMecTHMOCTH. (COMVIACHO JAHHOMY Bbllle
onpeJeieHuI0 3T0 03Havaet, uto N = N(2), rae z = Et. Toacrasass N = N(2)
B ypaBHeHue (2):

EdN/jdz = — $,EN (2) +B[M — N (2)]n + Q. (5)

B Bripaxkenuu (5) Q no onpejesnenito He 3aBucur ot £E. U3 () crenyer, uto
€CJIH BBITOJHEH 3aKOH B3anMMo3aMecTHMocTd, 10 @ = 0 u n = nc(2)E. Caejosa-
TeJIbHO, JUIS1 BHIMOJIHEHHS 3aKOHA B3aMMO3aMEeCTHMOCTH HEOOXOJMMO U JIOCTaTOU=
HO, 4TOOBl, C OAHOH CTOPOHBI, MOXKHO ObUIO NpeHeOpeub 3(peKToM Mepexoia
9J1EKTPOHOB NOJ JelicTBHEM TerJIOBOH SHEPTHH W3 HOPMaNbHOH 30HBEI HA YPOBHU
NPUJIMNAHUS ¥, C JPYToH CTOPOHBI, JJSl IUVIOTHOCTH 3JIEKTPOHOB MPOBOAHMOCTH
BBHIIOJIHAJOCH COOTHOIIEHHE: '

n=ny)E. (6)
Cootnotterne (6) nofcrapisieM B ypasHedue (1):
E?dn, (2) [dz = s, E + $,EN (2) — an, (2) EN (2) — an2(2) E? —
—BIM—N(2)] En,(2). (7)
M3 (7) BuaHO, 4TO 3aKOH B3aHMO3aMECTHMOCTH MOXKET BBIIOJHSTHCS JHIIb
B TOM CJyyae, KOIJla MOXHO NpeHeGpeub ujeHamH, copepxaiiuMu E2, oTkyna
cJlefyeT, UTO BBINOJHAKTCA, MO KpahHeH mepe, ABa YCJOBHS:
E%dny | dz <€ s,EN (2) —B[M — N (2)] Eng, amE? < anoEN (2). 8)
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Ho npwu. BbinosiHeHny ycjaoBUHE (8) OIHOBPEMEHHO BCErja BHIMOJHEHHl YCJIO-
BHs KBa3UCTAllHOHAPHOrO mpub/mKenus: n<& N, dn/dt < dN /dt.

TokaxkeM, YTO HaJHyMe MaJOH KBa3HCTAILMOHAPHOH KOHLEHTDAUMH 3JeKTpo-
HOB TIPOBOJMMOCTH, T. €. BblIIOJHeHHe YycaoBui n<&€ N, dn/dt <& dN|dt,
SIBJISETCS AOCTATOUHBIM YCJOBHEM JUJISL BBLINOJIHEHHSI 3aKOHAa B3aHMO3aMeCTHMO-
cti. W3 wepaBenctBa dn/dt<€ dN/dt wm coornowenuss (4) chnenyer, uTO
AP [dt =~ dN | dt. Tloap3ysich NOC/IEIHHM COOTHOIIGHHEM M TIDHDABHHBAS JDYT
JPYry TpaBble uacTH ypaBHeHHH (2) u (3), mosyyaeM B NpeAnoJiokennn Q = O:

di + kN B
"=arrym—N . YT ©)

IMoncraBnsas (9) B (2) 1 npuHuMasi BO BHUMAaHHe, YTO M3 YCJIOBHH KBasu-

«cTanionapuoro npubanxkenust P~ N, noayuaem

1 dN daN s saN

Pemenne ypasnenus: (10) mMoxer 6bIThb npeacraBieHo B BHAe N = N(z), uto
TIO ONpefie/ieHHI0 W 03HAYAeT BBITOJIHEHHE 3aKOHA B3aHMO3aMeCTHMOCTH.

TonyueHHrle pe3yJbTATEL ITPUBOAST K BBIBOAY O TOM, UTO BCSIKOE KBa3HCTallHO-
HapHoe pellieHne cuctembl ypaBueruil (1), (2), (3) yroBaeTBOpSET 3aKOHY B3aHMO-
3aMEeCTHMOCTH M, HaobopoT, BCsIKoe pelueHHe cucTeMbl ypasHeHuit (1), (2),
(3), vIoBaerBopsiioiee 3aKOHY B3aWMO3aMECTHMOCTH, SIBJISIETCSI KBA3HCTALHO-
"HapHbIM.

C npyro# cropoHsl, mnpoiecc o6pazoBaHusl (HOTOJIEKTPETHOIO COCTOSIHUS
B MOHOKDHCTaJI/Ie, KaK M IIpoliecc AENoJisipH3alud (oTo3/JeKTpeTa NP OCBelle-
HHH, JIEKUT B OCHOBE 0Gpa30BaHHsl CKPBITOTO 3jeKTpodoTorpadHueckoro H3o-
Gpamenns Ha (porosmekrperax (%,3).

[Tp¥ NpPOEKTUPOBAHMHM HA TOBEPXHOCTb COOTBETCTBYIOLIEIO JH3JEKTPHKA
KaKOTo-1100 IO3UTHBHOTO H300paxeHHs M OIHOBPEMEHHOH NCJApH3aluHd JH-
3JIEKTPHKA B HEM CO3JAeTCsi CKphIToe 3/eKTpodoTorpaduueckoe usobpaxeHnue,
06yC/IOBJIEHHOE HEPABHOMEPHBIM paclipefesnenieM nosaspusauuu. Ilpu nposbie-
HHH OJHHM M3 H3BECTHBIX cHocoGoB () CKpPHITOTO 37ieKTpodOTOrpaduyecKoro
H300paKeHHsi MBI IO/IyyaeM B 3TOM cJyuae HeraTHBHOe M300payKeHHe, COOTBET-
CTBYIOULEE MO3UTHBHOMY OopuruHajy. Takum oGpasom, mporuecc co3faHus-(oTo-
3JIEKTPETHOTO COCTOSIHHSI B MOHOKPHCTAJJe WJIH IpOLiecc NOJsSPU3ALMH COOT-
BETCTBYET 3JeKTpodoTorpaduueckoil cxeMe MO3UTHB — HeraTuB. Jlerko BHAETE,
UTO MPOLECC JEMOoJIsPU3ALUK (POTOINEKTPETa NPH €ro OCBEIeHHH, TaKXe Jexa-
UMA B OCHOBE 06[La30BaHUA CKPHITOTO 3jieKTpooTorpaduueckoro usobpakeHus,
COOTBETCTBYET 3JeKTpodororpaduueckoll cxeme I03UTHB — IMO3HTHB.

C 3Toil TOUKM 3DEHHMS 3aKOH B3aMMO3aMECTHMOCTH CJelyeT NOHHMaTh Kak
33aBUCHMOCTb ONTHYECKOH IJIOTHOCTH MPOSIBJIEHHOTO 3jeKTpodoTorpaduueckoro
n300paXKeHusi TOAbKO OT NPOH3BefeHHs1 £ HHTeHCHBHOCTH OCBellleHHA £ U Bpe-
MEHH 3Kcno3unuu f. TeM camMbiM 3aKOH B3aHMO3aMeCTHMOCTH NpHOGpeTaeT KOH-
KpETHBIN (u3HUeCKHH CMBICJ M JlaeT BO3MOXKHOCTb IPOBECTH MO KpaHHeH Mmepe
BHELUHIOI0 aHAJIOTHIO MEXIY NpoleccoM 06pasoBaHHS CKPHITOrO 3/eKTPodoTo-
rpajuueckoro uszobpaxeHnnss H GOTOXUMUUECKHUMHU NPOLECCAMH B TajloHlIax ce-
peGpa. AHa/lM3 KBa3HCTALMOHADHOTO pellieHUsi B oOlleM BHIe MpeACTaBJsIeTCs
TPOMO3JKMM. XOpolliee COBNAJeHHE C DKCIEepUMEeHTOM JaeT CTalluOHapHOoe -pe-
lleHHe, KOTOpoe MoJiyyaeTcsi B Npeanookeduu dn/dz = 0 U KOTOpoe MOMKHO
paccMaTpHBaTh KaK YACTHBIA ciayuafl KBA3HCTALHOHAPHOIO NPHOIHKEHHS.
Muddepenwupys (9) u npennonarast dN/dt==0, nveem

dy = kyM /(1 —7). (11)

[MoacraBasiss (11) B-(9), momyyaeM BblpaXKeHHe JJs1 CTALMOHAPHOH KOHIEH-
TpalMK 3JEKTPOHOB IPOBOJUMOCTH - C

n=ns—k/(l —v)a 3 1y ,
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IloacraBasisi Bhipaxkenue (12) B ypaBHenue (2), mostyuaem ypaBHeHue

dN k yYMk :

& TV —1—==0 : (13)
pelenye KOToporo AaeT 3aBHCHMOCTh MJIOTHOCTU QﬂeKTPOHOB Ha YpOBHAX HpI/I'-
qunanus N wiam 3apsija ¢OTO3/IeKTpeTa, IpONOPUHMOHANBHOTO N, OT BpeMeHu
NOJISIPH3ALHH '

N=1vs[1—e_7—h7t], Ny = yM. | (14)

Pewenve (14), koTopoe MOXHO Ha3BaTh CTAallOHAPHEIM, IOJYYEHO B MpeJ-
TIOJIOXKEHUH -
0<y< 1. : (15)
[Tpon3BOILHOMY 3HAYEHHIO Y OTBEYaeT KBAa3HCTALHOHAPHOE peELlEeHHE, HCCef0-
BaHUe KOTOPOTrO. IIPeJCTABJIAET CAMOCTOSTENBHYIO 3ajady.

Pewenne (14), B NOJHOM COOTBETCTBHH CO CKa3aHHBIM BBILLE, YIOBJETBO-
psieT 3aKOHY B3aHMO3aMECTHMOCTH, TaK Kak k = s;E. M3 moJaydeHHoro peue-
Hua (14) Takxke BHMAHO, 4TO NpH 0OpasoBaHHUH (DOTOZJNEKTPETA MMEET MECTO
3(h¢eKT HaCHIlEHUs, TNPHYEM COOTBETCTBYIOIIAA HACHILEHHIO KOHIEHTPAlHs
3/7€KTPOHOB HA YPOBHAX mNpuJunauusi Ng = yM. ‘

Conocraesienue (14) u (15) mokaseiBaer, uTo 3¢peKT HACHILIECHUS OGYCJAOB-
JIEH 3anoJHeHHeM 3JIeKTPOHAMH JUIIb YacTH YPOBHEH INPHIMIAHHS, IPHUYEM
NPOLEHT 3TOrO 3allOJIHEHUSI ONpPejeJsieTCs TOJbKO OTHOLIEHHEM COOTBETCTBYIO- .
mHUX 3(pQPeKTUBHBIX ceyeHUH 3axBata 3JIEKTPOHA. »

W3 ycnosuii, KOTOPBIM TOAYHHSIETCS [OJIyYEHHOE BBILE CTAlOHAPHOE pe-
IIeHWe, B YACTHOCTH, CJEAYeT, UTo ng<&< N, WM, NPHHAMAs BO BHHMaHue (12)
u (14),

kML 1, ' (16)
YTO JOJIZKHO HMETb MeCTO AJ JIIOOBIX OcBelleHHOoCTeH, Tak Kak kB = s:E. Coor-
Homenue (16) MOXKHO paccMaTpHBATh KaK HEOGXOIUMOE YC/I0BHE NPHMEHHMOCTH'
CTAalHOHAPHOTO "pEllIeHHs. 3aMeTHM, YTO 3TO YCJIOBHe B BHIe HepaBeHcTsa (16)
B TOYHOCTH COBIAJAeT C BLIDA)KEHHeM, IONyueHHBIM paHee D. M. AmupoBuuem
B KayecTBe HeOOXOAUMOTO H J0CTaTOYHOTO YC/IOBHS IIPHMEHHMOCTH KBa3HCTALHO-
HAPHOTO pelleHns cHcreMbl ypaBHenui (1), (2), (3) B npeanonoxenun dy= Q =
= ( npUMEeHHTEeJNBHO K 3afiaue HCC/EOBAHUS JIIOMUHECHEHTHOTO MOCAECBEUEHHS
HJeaNbHBIX KkpHcTaniodochopos. B cBere 31010 06CTOSITENLCTBA NpEICTABISAET
HHTEDEC MCC/EJOBATH BO3MOXKHOCTb OJHOBPEMEHHOrO HAaGJIONEHHS JIOMHHEC-
LIEHTHOTO MOoc/ecBeyeHrsi M (hOTO3MEKTPETHOTO COCTOSIHUST B Kpucrasiodocdo-
pax, MpHHHMasi BO BHHMaHMe, YTO TEMHOBas JeNosisipH3auus (OTOIEKTpeTa
MOXKeT ObIThb YaCTHYHO HJIM NMOJHOCTBIO OGYCHOBJIeHa Ge3bl3/1yuaTeIbHbIMH 3JeK-
TPOHHBIMH TTepeXOXaMH.

Cieflyer OTMETHTb, UTO BBHAY YCJOBHS HEHTpaibHOCTH P = N 4 n McXon-
Hble ypasueHus (1), (2), (3) ¥ nosmyyeHHoe peilieHue He COAEpHKaT COOCTBEHHO
anexrperHoro agdexra. Crporoe pelueHue NOMIKHO YUHTHIBATH MOJie W pacmnpe-
JeJieHHe 3JIeKTPOHOB NPOBOIHUMOCTH IO KOODJHHATE.

* ApTop npuHocHT ry6okyw GaarogapHocth akan. A. B. Illy6uuxoBy u
Y. C. XKenynesy 3a pyxkoBogcTBo paGoroit u npod. . W. Aguposuuy sa psn
LEHHBIX 3aMevyaHufl. T

i

Huerutyr Kpucrannorpaduu TlocTynnao
Axanemun Hayk CCCP 20 IIT 1958
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